This study has been undertaken for the media optimization of pectinase producing strain, Bacillus subtilis BKDS1 isolated from dump yards of vegetable wastes. The ideal concentration of the substrate pectin was optimized by One-factor-at-a-time (OFAT) optimization method and found to be 0.25%. Optimization of the rest of fermentation variables (yeast extract, CaCl 2 , NaCl, (NH 4 ) 2 SO 4 , KH 2 PO 4 , K 2 HPO 4 , MgSO 4 .7H 2 O, NaNO 3 , inoculum volume and pH) was carried out by Plackett-Burman design (PBD) followed by response surface methodology (RSM). Among the ten fermentation variables, three variables (yeast extract, CaCl 2 and inoculum size) were selected to significantly affect pectinase production by PBD. The optimum levels of these variables were further determined using response surface methodology (RSM) based on central composite design (CCD). The optimal medium compositions were determined as follows (g/L): yeast extract 7.6g, CaCl 2 0.81g, inoculum size of 1.5% and pectin 2.5g. The pectinase activity reached the maximum value of 1065.95U/mL in the optimized medium and it showed many fold increase in enzyme production compared to other pectinase production media tested in shake flask experiments.
Pectinases constitute an exclusive group of enzymes which catalyze the degradation of pectic polymers present in the plant cell walls. They are classified based on the mechanism used to "attack" the galacturonan backbone as; the de-esterifying enzymes and the depolymerizing enzymes. The former catalyses the de-esterification of pectins and the later break the glycosidic a- (1) (2) (3) (4) bonds between GalA residues either by hydrolysis (hydrolases) or by trans elimination (lyases) 1 . Today pectinases are one of the contemporary enzymes with prodigious industrial and commercial applications. The production of pectinase shares about 10% of the overall manufacturing of enzyme preparations and constitutes 25% of the global food enzyme market 2, 3 . As many of the industries are purely depending on pectinases, their demand has increased progressively.
Among the wide group of microorganisms comprising fungi, bacteria, yeast and actinomycetes, filamentous fungi are commonly recognized as the best natural sources for the production of pectinase enzyme. But bacterial strains producing commercial enzymes are always preferred over fungal strains because of various reasons [4] [5] [6] [7] . Pectinases from fungal sources produce best under acidic pH and low temperature conditions and can therefore not be used in various industrial bioprocesses which utilize neutral to alkaline pH with high temperatures exceeding 45 °C. It has been shown that bacteria produce pectinase that withstands high pH and temperature 8, 9 . Also, it is easy to harvest pectinase than fungus as it is an extracellular product in bacterial culture 10 .
Medium optimization is one of the prime requirements for quantitative enhancement leading to overproduction of the enzymes. Factors like carbon and nitrogen sources and their concentrations have always been of great interest to the researchers in the industry for the low-cost media design. It is also known that 30-40% of the production cost of industrial enzymes is projected to be the cost of growth medium, which demands optimization for cost-efficient enzyme production 11 . The conventional system for optimizing enzyme production by OFAT involves varying a single independent variable while maintaining the others at a constant level. This one-dimensional approach is arduous and time-consuming particularly for a large number of variables and does not consider interactions among variables. The limitations of this approach are overcome by the use of techniques like PBD and RSM. The PBD is an effective technique for the screening of significant factors influence the production and eliminate the insignificant components in order to obtain a smaller, more manageable set of factors 12 . The selected significant factors were further optimized with the help of RSM that enables the study of interaction effects among different variables. It usually involves an experimental design such as CCD to fit a second-order polynomial by the least squares technique. Nowadays, RSM is used in wide range of scientific fields including production media optimization 13 .
In view of the potential industrial applications of pectinases, it is essential to identify a new source of microorganisms capable of producing the enzyme at a cheap rate. In our earlier study, it was found that B. subtilis BKDS1 was selected as the predominant pectinolytic bacterial strain isolated from dump yards of market vegetables and fruits 6 . The aim of this study was to identify key medium components and optimize suitable medium components for pectinase production by B. subtilis BKDS1 using a statistical design.
MATERIALS AND METHODS

Culture maintenance and bacterial strain
Bacillus subtilis BKDS1, the pectinase producing strain, isolated from dump yards of market vegetables and fruits 6 was used for the study. The strain was identified by sequencing the 1500 bases of 16S rRNA gene followed by BLAST homology search. The nucleotide sequences have been deposited with NCBI database under accession number KT004506.1. The culture was maintained on nutrient agar slants at 4 °C and also stored as glycerol stocks at -20 °C. Media and chemicals were purchased from Hi-Media, Sigma and SRL chemicals. Overnight grown cultures (1% inoculum volume) of the bacterial isolate in yeast extract pectin (YEP) were used to inoculate the pectinase production medium. Optimization of growth medium for pectinase production Optimal pectin concentration (as the sole source of carbon) for the enzyme YEP media with different concentrations (0.05 -1%) of citrus pectin (Pectin from citrus peelsigma) was used to study the pectinase production in the conventional OFAT method. Sterile media 14 . The standard curve was prepared using D-galacturonic acid as a reducing sugar. One unit (U) of polygalacturonase activity was defined as the amount of enzyme that releases 1µmol of galacturonic acid per min under the assay conditions.
Optimization of media components using statistical softwares Plackett-Burman design (PBD)
The variables that significantly influence the pectinase production were screened by PBD using the statistical software Minitab (Release 17, PA, USA). Ten independent variables were evaluated at two levels (high and low) which were designated as; coded values + 1 and -1 respectively. The factors and levels are depicted in Table: 1.
PBD is based on the first order polynomial model;
Where Y is the response (pectinase activity), b 0 is the model intercepts, b i is the linear coefficient, and x i is the level of the independent variable. The ten factors chosen were; yeast extract (YE), NaCl, (NH 4 ) 2 SO 4 , KH 2 PO 4 , K 2 HPO 4 , CaCl 2 , MgSO 4 ·7H 2 O, NaNO 3 and pH. As per the design, a set of twenty runs were performed. In all experiments, the concentration of pectin (0.25%) was kept as constant. Pectinase assays were carried out in duplicates and the averages of enzyme activity were taken as the response. From the regression analysis, the variables which were significant at or above 95 % level (P < 0.05), were considered to have a greater impact on pectinase activity and were further optimized by CCD.
Central composite design (CCD)
RSM is a medley of statistical and mathematical methods used to select the best experimental conditions requiring the lowest number of experiments in order to get the applicable result. The CCD approach based on RSM was used for determining optimum levels of critical variables (identified by PBD) for enhanced enzyme production. CCD has been widely used as a statistical method based on the multivariate nonlinear model for the optimization of process and production variables. The statistical software 'Design Expert 6.0' was used to generate and analyze the experimental design. The CCD was used for fitting a second-order model which requires only a minimum number of experiments for modelling. Each significant parameter was assessed at five levels (-2, -1, 0, +1, +2), with six replicates at the centre points. Experimental range and levels of independent process variables are shown in Table: 2.
A total of 20 experimental runs were conducted, and the results were used to fit the second order polynomial model as shown in below equation;
Where Y is the predicted response, b 0 model constant; A, B and C are independent variables; b 1 , b 2 and b 3 are linear coefficients; b 12 , b 13 and b 23 are cross product coefficients; b 11 b 22 and b 33 are the quadratic coefficients. With the help of Design Expert Software, the 3-dimensional surface plots were generated. The quality of the fit of the polynomial model was expressed by the value of correlation coefficient (R 2 ). The model F-value (Fisher variation ratio), probability value (Prob > F) and adequate precision are the main indicators showing the significance and adequacy of the employed model.
Verification Experiments
In order to validate the optimization of medium compositions, the result predicted by the design was compared with the actual values from the fermentations conducted using predicted medium compositions.
Comparison of enzyme production in optimized medium with various other pectinase production media
The pectinase production attained in the optimized medium was compared with previously reported pectinase production media viz. (i). YEP 15 , (ii). Czapek'sDox pectin medium 16 production media used by (iii) Soares et al., (1999 ) 17 and (iv) Jayani et al., (2010) 18 .
Effect of Incubation time and temperature on enzyme production
The optimized medium was used for analysing the effect of incubation time and temperature on enzyme activity. The inoculum was prepared and incubated in a rotary shaker at 150 rpm in different temperatures (30 °C, 40 °C, and 50 °C). The enzyme assay was performed at 12 h intervals.
RESULTS AND DISCUSSION
The optimization of the culture medium for enhanced pectinase production using the strain B.subtilis BKDS1 was carried out by a combination of non-statistical and statistical based experimental designs.
Optimum concentration of pectin
Considering the commercial importance of pectinase, studies have been carried out to assess the optimum conditions for enhanced enzyme production. The concentration of pectin Table 3 . PBD generated for nine variables was optimized using OFAT method. For this, YEP broth was prepared with varying concentrations (0.05-1%) of pectin and the enzyme activity is calculated from the culture supernatant. The result obtained was plotted in Figure: 1. Maximum enzyme activity (599.38 U/ ml) was found in medium containing 0.25% of pectin. This result clearly indicates that enzyme activity is decreased with increasing concentration of pectin. The similar type of observations were previously noted in B. subtilis by Kashyap et al., (2000) 15 where maximum pectinase activity was in 0.25% of pectin also in Streptomyces sp. RCK-SC 19 . Decreased enzyme production in a higher concentration of pectin can be accredited to the phenomenon of catabolite repression, where galacturonic acid or one of the metabolites produced is undergoing self catabolite repression 20, 21 and also because of increase in viscosity of the broth 11 . Screening of the most significant medium components by PBD Application of statistical method in media optimization for pectinase production was reported previously by many researchers 22 . This step was initialized with PBD to screen some vital factors that have an immense role in the pectinase production by B. subtilis BKDS1. The result of PBD analysis is given in Table: 3 and 4. The corresponding pareto chart is shown in Figure: 2. The PBD analysis of ten factors indicated a significant variation in pectinase activity from 191.43 U/ml to 886.569 U/ml in twenty experimental runs. This variation confirmed the impact of all the factors on pectinase activity. The analysis of regression coefficients and t-value of ten ingredients are depicted in Table: 4. Generally, a large t-value associated with a low P-value of a variable indicates a high significance of the corresponding model term. From Table: 4 and the corresponding pareto chart in Figure: 2, it is clear that variables YE, CaCl 2 , and inoculum displayed a high positive significant effect for enzyme production with '0' p-value whereas NaCl, (NH 4 ) 2 SO 4 , MgSO 4 ·7H 2 O, K 2 HPO 4 and pH showed non-significant positive effects. Factors such as KH 2 PO 4 and NaNO 3 displayed a non-significant negative effect. None of the tested factors showed significant negative effect.
Yeast extract and CaCl 2 were the prime media components selected in PBD screening with lowest (0.00) p-value. Yeast extract is verified to be the principal nitrogen source probably because it provided other stimulatory components such as vitamins. Previous research reports are available to authorize this result. Among various nitrogen sources tested, yeast extract (7.5 g/L) is selected as most effective for pectinase production by B.subtilis 23 . Similarly, pectinase production by marine B.subtilis is enhanced with the presence of yeast extract in the production medium 21 . Furthermore, B. sphaericus MTCC 7542 presented maximal polygalacturonase production when grown on mineral medium containing yeast extract as sole nitrogen source 18 .
PBD selected CaCl 2 the metal ion, as the next factor that significantly affects pectinase production. Previous reports are available that indicating the impact of CaCl 2 in pectinase production in various microbial genera [24] [25] [26] . Metal ions like Ca 2+ might play a vital role in maintaining the active conformation of pectinases to stimulate the activity 2, 27 . The third factor selected by the PBD to affect the pectinase production significantly was inoculum size with (with p-value 0.006). The optimization of inoculum size is a well-accepted criterion in microbial fermentation because higher inoculum densities may cause lesser enzyme production. This result was supported by studies of various researchers [28] [29] [30] [31] .
Optimization of significant variables using CCD
At the end of screening experiment by PBD, three factors were found to play a significant role in pectinase production. The optimal levels of these three most significant factors and effect of interaction on pectinase production were determined by CCD of RSM in the Design Expert software. The critical factors selected by the PBD were studied at five different levels (-2, -1, 0, +1,+2) as shown in Table: 2 and a set of 20 experiments with a different combination of these factors were carried out. Quadratic regression analysis using ANOVA was used to estimate the significance of model coefficients and the p values indicated the Fig. 4 . Comparison of pectinase production in various media with RSM optimized medium significance of each coefficient, which also showed the interaction strength between each independent variable. The actual yield of pectinase and the yield predicted by the model equation are given in Table: 5. The ANOVA analysis of the optimization study is given in Table: 6. The three-dimensional response surface plots for pectinase production showing the interactive effects between the selected media components were shown in Figure: 3 (i-iii).
From the ANOVA analysis, the model F-value of 18.8 implies the model is significant. Values of "Prob> F" less than 0.05 indicate model terms are significant. In this case A,C,AB,AC,A 2 ,B 2 , C 2 are significant model terms. The regression equation coefficients were calculated and the data was fitted to a second order polynomial equation. Thus the response (Y), (in terms of coded factors) i.e. pectinase production by B. subtilis BKDS1 can be expressed in terms of the following regression equation; Where A is yeast extract, B is CaCl 2 , and C is inoculum.
The 'lack of fit F-value' of 1.05 implies the lack of fit is not significant relative to the pure error. The p-value of lack of fit in in this model is 0.4806 (>0.05) means the model fits well. The design predicted an 'R-squared value' of 0.7241, which is in reasonable agreement with the 'adjacent R-squared' value of 0.8940. For a good statistical model, the R 2 value should be in the range of 0 -1.0, and the value as obtained in the data analysis indicates that the model is good. The interaction effects and optimal levels of the factors were determined by plotting the response surface curves. The three-dimensional response surface plots for pectinase production showing the interactive effects between the selected media components were shown in Figure: 3 (i-iii).
The interaction effects and optimal levels of the factors were determined by plotting the response surface curves. Figure: 3(i) depicts the interactive effects between factors yeast extract and inoculum and this is a significant interaction as the p value is 0.0186 (from Table: 8) . From the figure, it is evident that the pectinase activity is maximum when the concentration of yeast extract reach 7.6 Fig. 5 . Enzyme activity (U/ml) in different incubation temperature g/L at inoculum volume 1.5%. The enzyme activity tends to decrease above and below this range. The significant interactive effect between yeast extract and CaCl 2 is presented in Figure: 3(ii). The enzyme activity rises with increasing concentration of CaCl 2 and reaches maximum at 0.81g/L of CaCl 2 at this point the concentration of yeast extract is 7.6 g/L. From table: 8, it is visible that the interaction between inoculum and CaCl 2 is a non-significant interaction as the p value is 0.8334 which is <0.05. The response surface plot of this interaction is shown in 3(iii).
Validation of the Model
Validation of the experimental model was tested by carrying out the experiments under optimized conditions: (g/L) yeast extract 7.6g, CaCl 2 0.81g and inoculum size of 1.5%, Citrus pectin 2.5g at pH 7. The experiments were performed in triplicates and the results were compared. The pectinase activity (1065.95 U/ml) obtained from experiments was very close to the actual response (1069.84 U/ml) predicted by the regression model, which proved the validity of the model.
Comparison of enzyme production in optimized medium with various other pectinase production media
The pectinase production levels attained in the optimized medium was compared with culture media previously used by various researchers. The data obtained were plotted in Figure: 4.
From the comparison result, it is clear that the optimized medium showed many fold increase compared to other pectinase production media tested. The corresponding fold of increase was; 1.78, 8.08, 13.74, 5.82 folds in media1, 2, 3 and 4 respectively. This implies a good optimization result.
Optimum temperature and incubation time for maximum enzyme activity
Effect of incubation time and temperature on enzyme production was studied in 12 h time interval at a temperature range of 30 -50 °C at150 rpm. The enzyme assay was performed at every 12 h incubation period and the results obtained were illustrated in Figure: 5 .
From the graph (Figure: 5) , it is clear that incubation temperature and time had an impact on enzyme yield. The optimal incubation time for maximal pectinase activity in 30 °C was found to be 72 h. At the point when the temperature is increased from 30 °C to 40 °C, the optimum incubation period diminishes from 72 h to 48 h. The incubation period again decreased to 24-36 h at a temperature of 50 °C but the level of enzyme production was very low compared to other temperature ranges. So 40°C is taken as the optimum temperature for maximal enzyme production. Despite the fact that, the enzyme production achieved its peak at 48 h (1066.255 U/ml), the level of enzyme production increases even from 24 h (1006.398 U/ml) of incubation period. Reports have shown that many Bacillus species produce pectinase maximally at an incubation time of 72 h and above 18, 32, 33 .
CONCLUSION
Medium optimization is one of the most critically investigated process that is carried out before any large-scale metabolite production. As a preferred statistical experimental method, RSM is suitable for describing a near optimum region and thus identifying the exact criterion for a multifactorial system, which reduces the number of experiments without neglecting the interaction among the parameters. The present study has been attempted to optimize the growth-promoting factors for the enhanced production of pectinase by the isolated strain B.subtilis BKDS1 using statistical methods. The study began with optimizing the substrate pectin (0.25%) by OFAT method. Then, PBD was used to determine the relative importance of ten variables on pectinase production and found that yeast extract, CaCl 2 and inoculum size were the major factors. The optimal concentration ranges of the three factors were optimized successively by CCD. In the optimized fermentation broth that contain yeast extract (7.6g/L), CaCl 2 (0.81g/L) and pectin (2.5g/L) at an inoculum size of 1.5%, the pectinase activity reached 1065.95U/mL compared with the predicted value of 1069.84U/mL. Further, the incubation temperature and incubation period were also optimized and found to be 40°C and 42 h respectively. The optimized media showed many fold increase in enzyme production compared to various other production media tested. So, this study demonstrates the prospects of the new strain B.subtilis BKDS1 for pectinase production and applicability of statistical media optimization for augmented enzyme production.
